organisms produced and the yield of tuberculin on the various synthetic media? Are there other factors than the number of organisms which might influence the yield? A careful survey of the literature reveals very little information on these problems. Seibert (1928) , in reporting her method for standardizing Synthetic Medium Tuberculin (SMT), showed a relation between the age of the culture and the amount of tuberculoprotein produced; and in her work on the isolation of PPD (1934) observed that certain strains gave three times as much tuberculin as other strains (within the same type), under conditions so standardized that the same strain in different trials gave practically no variation. However, such contributions have been incidental to other purposes. With the demand for tuberculin as a diagnostic agent, it would appear that the definition of an ideal culture medium, as far as most laboratories are concerned, would need to be altered to "one which would yield the greatest amount of tuberculin per unit volume of culture medium in the shortest possible time," and, incidentally, at the lowest cost.
On this shift in emphasis depend the objects of these experiments: (1) to find an inexpensive synthetic medium for the rapid production of tuberculin; (2) to determine the factors which influence the yield of tuberculin. METHODS Organisms used. Mycobacterium tuberculosis H 37, grown for a period of two weeks on modified Long's synthetic medium (Wong and Weinzirl, 1936) , was used for inoculation throughout the study. When the culture was tested recently, it showed no diminution in virulence for guinea pigs.
Procedures used.
(1) The organisms were filtered through a filter paper of the Alpha type in a Buchner funnel, thoroughly washed with distilled water, transferred to an accurately weighed beaker, and dried to constant weight in an oven at 1000C. (2) The amount of protein present in the culture fluid was measured by first centrifuging at 3600 revolutions per minute for half an hour; carefully pipetting the upper layer into a sterile tube; pipetting the desired volume into a Hopkin's vaccine tube; adding an equal portion of 20-per-cent trichloracetic acid; allowing to on October 2, 2017 by guest http://jb.asm.org/ Downloaded from stand at ice box temperature overnight; centrifuging rapidly for half an hour before reading the precipitate. (3) The hydrogenion concentration was determined colorimetrically.
Preparation of media. Four media were used: (a) Long's synthetic medium (Long and Seibert, 1926) , (b) modified Long's medium (Wong and Weinzirl, 1936) Experiment II. The object of this experiment was to repeat the above experiment employing a larger number of samples and using a different method of approach. The tuberculin and organisms from ten flasks, representing about 2 liters of original medium for each type, were pooled after 6 weeks of growth. The Experiment III. It does not seem reasonable to find that the yield of synthetic medium tuberculin is independent of the bulk of organisms present when we consider the fact that tuberculin is a composite mixture of the metabolic products of the tubercle bacilli and the products resulting from the autolyzed cells. The discrepancy apparently lies in the rate of cell autolysis, possibly influenced by pH since this differed widely in the various media. Experiment III was designed to test this hypothesis. Modified Long's synthetic medium was selected because of the rapid rate of growth of H 37 on this medium. At the end of four weeks of growth, one set of flasks was adjusted to pH 7.2 with sterile 10 per cent Na2CO3 solution and an equivalent volume of sterile distilled water was added to the control flasks. After thorough mixing to insure sinking of the pellicles so that no further growth of organisms would occur to complicate the results, the flasks were incubated for two more weeks at 370C. No observable growth took place in that time. The protein determinations were carried out in the usual manner. The results given in table 5 are the average values of duplicate determinations on each flask, a total of six figures for each set of three. The results indicate clearly that an alkaline pH increases the yield of tuberculin. This is in harmony, in principle at least, with the experiment of Hanan and Zurett (1936) . In their study of the extraction of protein antigens from Mycobacterium tuberculosis, H 37, by means of buffer solutions, these authors showed that a slightly alkaline pH favors the extraction.
Incidental observations on the properties of the glucose-sucrose medium should be included here. Long and Finner (1927) Merrill (1931) . The work has been repeated six times with Baker's c.p. sucrose. In no instance was growth observed during 12 weeks of incubation. The presence of the sucrose in the medium appears to increase the yield of tuberculin for a given time. Its precise function is being studied and will be reported in another communication.
The cost of the ingredients in the glucose-sucrose medium as calculated per liter is about 13 cents while that of Long's asparagine medium is about 36 cents. The tuberculoprotein obtained from the glycerol-free medium is apparently identical with those obtained from glycerol media; any suspicion of alteration in specificity due to denaturation at such a high pH has been ruled out by comparative systemic and skin tests made with TPT on sensitive guinea pigs which showed no difference in reaction. Further immunological studies are being made to demonstrate irrefutably the specificity of the protein.
The following species and varieties have been grown: Mycobacterium tuberculosis, H 37; Mycobacterium tuberculosis, H 1721, from the Michigan Department of Health; Mycobacterium tuberculosis-bovis, T 1658, from the University of California; and the non-pathogens from the Phipps Institute, Mycobacterium phlei, and Mycobacterium smegmatis. When cultures are available other Mycobacterium species will be studied.
DISCUSSION
It cannot be denied that the bulk of organisms, the time of incubation, and the rate of evaporation are factors which determine the final yield of tuberculin in any given synthetic medium for growing Mycobacterium tuberculosis. Another important factor in the production of tuberculin, at least in the case of Mycobacterium tuberculosis, H 37, may be added, a terminal alkaline pH. This conclusion is based upon the following observations: (1) The yield of tuberculin in the modified Long's synthetic medium may be increased twofold merely by adjusting the pH of 5.8 to a pH of 7.2 with sterile 10 per cent sodium carbonate solution at the end of four weeks of growth and incubating for two more weeks. (2) A glycerol-free medium with a terminal pH of 7.6 at the end of six weeks growth contains about half the number of organisms that Long's synthetic medium will produce, and yet yields approximately three times as much tuberculin as the latter medium.
It was indicated in a previous paper by Wong and Weinzirl (1936) that a glycerol-free medium was in preparation. We felt at that time that the nature of the tuberculoprotein produced in it had not been studied sufficiently to warrant its publication. In the meantime a description of a glycerol-free synthetic medium quite similar to the one presented in this paper has been published by Henley (1935) . We have used the latter's medium sufficiently in our laboratory to warrant the restatement of our former objection: the caramelization of the glucose as a result of the autoclaving added an uncertain factor in the changed glucose, which decreased the rate of growth of H 37. No mention was made by Henley of the yield and of the nature of the tuberculin obtained in his medium.
SUMMARY AND CONCLUSIONS 1. There is presented an inexpensive glycerol-free synthetic medium which is suitable for producing tuberculin in large quantities. Approximately three times as much protein may be obtained from the glucose-sucrose medium as from Long's synthetic medium at the end of six weeks. The cost of production of the medium is about a third of that of Long's itedium. 2. Mycobacterium tuberculosis, H 37, produces a progressive alkalinity on the glucose-sucrose synthetic medium.
3. A terminal akaline pH is an important factor in the rapid production of tuberculin in the case of Mycobacterium tuberculosis, H 37.
4. Glucose is a satisfactory substitute for glycerol in growing Mycobacterium tuberculosis, H 37, under the conditions specified in the report. It is better than glycerol in the production of synthetic medium tuberculin.
